In order to do this it will be necessary to treat the data mathematically with a degree of detail that is possible only because the experiments with Mya give results that are dependable quantitatively. It has seemed advisable to do this because the photosensory activity of the clam is in no fundamental way different from the sensitivity of other animals to light, and indeed to other forms of stimulation. Certainly the ability to become adapted to sustained stimulation is characteristic of all sense organs. So that while the minute analysis of one sensory response does not presuppose an identical mechanism in another, the basic ideas derived are of general interest. I have therefore pushed the analysis of the present experiments to their full capacity because of the belief that the only general value and perhaps the main justification of a series of experiments lie in their complete theoretical treatment in terms of certain fundamental concepts. II, 1. Mya, when exposed to light, indicates its stimulation by retracting its siphons after a definite time. If the illumination is maintained no further response takes place, and the animal becomes adapted. Its sensitivity has, however, become changed, in that a longer exposure than before is necessary to elicit a response to an intensity higher than the one to which it is adapted. The experiments have consisted essentially in allowing an animal to become adapted to each of a series of intensities between 0 and 530 meter candles, and in measuring the exposure necessary to produce a response at each of the adaptation intensities.
The actual procedure is of the following nature. A thoroughly dark adapted animal is placed at a given distance from the adapting light, to which it remains exposed undisturbed for 15 minutes. It is then illuminated by the stimulating light and its reaction time noted. 6 minutes are allowed to elapse, during which the animal continues to remain exposed to the adapting light alone, and at the end of which the reaction time is again measured to the stimulating light. A 6 minute period is again allowed, and a third reaction time measurement is made. The animal is then placed in the dark for at least half an hour, after which it is adapted to a different intensity, and three readings are made of its reaction time to the same stimulating light as before. It is again given a half hour stay in the dark, and adapted to still another intensity. A single experiment consists in carrying an animal through a series of seven or eight adapting intensities and securing triplicate measurements of its reaction time to the same stimulating light. The order in which the adapting intensities are tested is purposely haphazard.
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FIG. 1. Diagrammatic representation of the apparatus for use in adaptation and stimulation experiments.
The range of intensities is secured by using as different sources of illumination three concentrated filament lamps--a 15 watt, a 250 watt, and a 400 watt ~fazda--whose candle powers were calibrated photometrically. The animals are placed at such distances from the lamps as to give the proper illumination, calculated on the inverse square law. The stimulating light is also a 250 watt concentrated filament lamp, and is at a constant distance from the animal regardless of the latter's distance from the adapting light. The stimulating light is placed just above the illuminating beam from the adapting source so that it does not interfere with the adapting light. This arrangement is illustrated diagrammatically in Fig. 1 . The exposure of the animal to the stimulating light is controlled by a shutter, and the reaction time is measured with a stop-watch. The temperature is kept constant by changing the sea water during the rest period in the dark.
2. I performed two series of experiments. ~ In the first I used twenty-three animals whose reaction time to an illumination of 694.4 meter candles was measured at eight intensities of adaptation. The data for this series are given in Table I . The values of the reaction time are the averages of 69 measurements, 3 with each of twentythree animals. After this series was completed, and the general appearance of the data ascertained, I performed the second series with sixteen animals, covering the same range of intensities as the first, but in seven steps instead of eight. However, the stimulating light was much more intense--2,778 meter candles. The results are given in Table II , where the values of the reaction time are the averages of 48 measurements, 3 with each of sixteen animals.
1 These experiments were made at the Marine Biological Laboratory at Woods Hole during the summer of 1922. I wish to express my thanks to the Director, Dr. Frank R. Lillie, for placing laboratory space at my disposal. The scales of the ordinates are arranged so that both series of results take up the same vertical distance. The two series of experiments evidently give the same results.
SENSORY
ADAPTATION
The purpose of the second series of experiments was to see whether the results obtained in the first set were real or only apparent. The data of the first series are plotted in Fig. 2 , and it must be apparent that the relationship between the intensity of adaptation and the reaction time is a curious one. The curve shows a point of inflection, it being first concave and then convex to the axis of abscissm. Is this relationship an accidental one depending on a fortuitous combination of intensities of adaptation and stimulation, or does it represent something real? Fig. 2 shows unmistakably that we are dealing with a real phenomenon. The ordinates at the left are those for the first series, whereas the ordinates at the right are for the second series arranged to such a scale that the vertical distance between the two extremes of reaction time is the same for both series of experiments. It is clear that the results are the same in the two cases, and therefore that the shape of the curve expressing the relation between adapting intensity and reaction time has a real significance. The remainder of this paper is devoted to ascertaining what this significant reality is.
III.
During the dark adaptation of Mya, the reaction time of an animal to a given intensity decreases steadily for about 30 minutes, after which the reaction time becomes constant. Taking due account of the division of the reaction time into latent period and sensitization or exposure period, the relation between reaction time and duration of dark adaptation can be expressed by the isotherm of a bimolecular reaction. From this I concluded (I-Iecht, 1918-19, a) that during dark adaptation two substances, P and A, are combining in the sense organ to form the photosensitive substance, S, and that the sensitive system in the sense organ is light S ~ P + A
"dark" which represents a reversible photochemical reaction similar to the polymerization of anthracene (Luther and Weigert, 1905) .
There are two ways in which such a reversible reaction can be derived from the data of dark adaptation. The first assumes (a) that the photochemical decomposition of S is directly proportional to the exposure, and (b) that in order to produce a response, the amount of freshly formed P and A must be a constant fraction of the amount of P and A already present in the sense organ. The exposure thus represents the actual amount of photochemical decomposition. Since the ratio between fresh and residual P and A is constant, the changes in reaction time measure the changes in concentration of residual P and A. Because the former follows a bimolecular isotherm, the latter must do so also, and the formation of sensitive substance, S, from its precursor, P, and its accessory, A, is P + A --* S.
The second interpretation of the data assumes (a) that the velocity of decomposition of S is directly proportional to its concentration, and (b) that in order to produce a response a constant quantity of fresh P and A must be formed in the sense organ. Accordingly, the variations in the exposure represent differences in the velocity of formation of this constant amount. The velocity is proportional to the reciprocal of the exposure, and since this follows a bimolecular isotherm, the velocity also changes according to a bimolecular curve. Because the velocity is directly proportional to the concentration of S, the concentration of S increases according to the kinetics of a bimolecular process, and we have again that P -b A ~ S.
The critical point in the two interpretations depends upon whether we use the concentration of P and A proportional to the exposure directly, or whether we use the concentration of S as proportional to the reciprocal of the exposure. Both, however, follow a bimolecular curve. This is mathematically possible because the bimolecular isotherm is a hyperbola. The general equation of a hyperbola is 
This obviously is also an hyperbola; its axes are slightly different from those of equation (2), but it is readily transformed into the equation of a bimolecular reaction3 Given the fact that the relation between reaction time (properly corrected for latent period) and time of adaptation is bimolecular, shall we assume that the necessary exposure measures the photochemical effect directly, or that it measures the velocity of the photochemical reaction? The former gives the constant ratio; the latter gives the constant quantity; and on the basis of the data of dark adaptation alone, a choice between the two is not possible. Moreover, in all the other investigations with Mya it makes no difference which idea is valid, because the results are identical. The experiments are always with completely dark adapted animals. The a m o u n t of _P and A in the sense ceils is therefore minimal and constant, and a constant fraction of a constant m i n i m u m yields a constant quantity. The fact that for short exposures near the beginning of the reaction S ~ P + A there is a linear relation between exposure and effect (Hecht, 1918-19, b; 1920-21, d ) proves neither assumption, because almost any curve m a y be considered a straight line over small dist a n c e s . I have therefore arranged the present set of experiments in the hope that they would enable us to decide between the alternative explanations.
2 It is curiously significant that these two interpretations are possible only because the equation relating reaction time and adaptation time is of the second order. At the beginning of the work with Mya, the constant ratio idea interested me because of its possible bearing on the Weber-Fechner relation, and I adopted it without further comment not only for Mya but for the human eye as well (Hecht, 1921-22, e) . I have since become convinced, however, that Weber's law will find its explanation quite differently, as the present paper undoubtedly shows. It is therefore no longer any reason for making a choice between the two ideas, and I have been led to reconsider the constant quantity idea to the extent of making the preliminary experiments for the present paper in the summer of 1920. In addition, Dr. E. Q. Adams of the Nela Research Laboratories has recently urged upon me the advisability of adopting the constant quantity idea in connection with my experiments on the clark adaptation of the fovea of the human eye, and has in fact made the necessary computations for it. I take this opportunity for thanking Dr. Adams for his interest in this matter and for his kindness in communicating his ideas to me.
IV. .1. No matter which of the two working arrangements we adopt for it, the basis of the photosensory system in Mya is still the rever-
From our general knowledge of the photochemistry of such reactions we can determine what will take place in this system under different conditions of illumination. When the system is exposed to a constant illumination, such as will produce adaptation in the animal, the light is absorbed by the sensitive material, S, which is then decomposed to form P and A. Since the reverse reaction is independent of light, it will proceed according to the ordinary mass law. As soon as some P and A are formed, they will unite to form S again, and the velocity of formation will depend on the concentration of P and A. The sensitive material S will continue to be broken down by the light, and the precursors P and A will continue to form S as long as the illumination is maintained, until a stationary state is reached in which the rate of photolysis of S is balanced by the regenerative "dark" formation of S from P and A. In this stationary condition the concentrations of S, P, and A will remain constant as long as the light continues to shine on the animal.
For purposes of calculation it is necessary to describe these processes more rigorously. By doing so it is possible to test the two interpretations previously suggested, in order to determine which is consistent with the present experimental findings. I shall consider the "constant ratio" idea first, because, though the mathematical treatment is practically the same in both cases, the equations involved are somewhat simpler than those for the "constant quantity" idea. It will be recalled that the crucial assumption of the constant ratio idea is that the velocity of decomposition of S is constant. Since the effect of light is proportional to its absorption, this assumption means that the concentration of S remains sensibly constant in comparison to that of its decomposition products.
The reaction system has been illuminated for the time, t, during which x units of S have been decomposed to form an equivalent amount of P and A. The velocity of the "light" reaction S --~ P + A is ~x
where kx is the velocity constant. The reverse "dark" reaction S~---P + A, being independent of light follows the mass law, and its velocity is
in which kz is the velocity constant, and the sign is negative because the velocity is opposite in direction to that of equation (5). The sum of these two partial velocities
dt gives the real velocity of formation of P and A from S when both reactions are going on. When the reaction S ~ P + A has reached a stationary state, which represents the condition when the animal has become adapted, there is no further change in the concentrations of S, P, and A, and dx the velocity ~-= 0. Equation (7) In equation (9) k2 is constant under all conditions of illumination since it is the velocity constant of the "dark" reaction. The value of kl, though constant for a given illumination, varies with the intensity I. The simplest relation between I and kl is a linear one. Therefore let us write k~ = m I riO)
where m is a constant of proportionality. Substituting this value of kl in equation (9) we get
which describes completely the concentration x of P and A at the stationary state induced by any intensity, I, to which the animal is adapted.
To produce a response in the animal after it has thus become adapted, it must be exposed to the stimulating light. The sensory system is then illuminated by an intensity equal to the sum of the stimulating and adapting intensities. Due to this exposure the stationary state is upset, and fresh P and A are formed by the decomposition of S. The velocity of formation of P and A is given by equation (7), in which, however, k~ has now a value corresponding to the increased intensity of illumination as given by equation (10). In order to determine the amount of P and A formed during the course of this reaction it is necessary to integrate equation (7). The integrated form is
~klk~ and in terms of it we can determine the concentration x of P and A for any time, t, after the beginning of the reaction.
2. The thing which we wish to know is how much freshly formed P and A is necessary to produce stimulation in the animal. To find this we adopt the following procedure. At the stationary state the concentration of P and A is given by x in equation (11). When the new reaction, proceeding according to equation (12), is initiated as a result of the added illumination, it win begin at that point in its course which corresponds to a concentration x of P and A. It will then go on for a period of time which we know experimentally, and at the end of which the requisite amount of freshly formed P and A will have accumulated in the sense organ. Knowing this exposure period (reaction time minus latent period) and knowing the value of x, we are able to calculate the amount of P and A formed by means of equation (12).
These relations are shown graphically in Fig. 3 , in which the curve is the reaction according to equation (12). Let xo be the concentration of P and A at the stationary state as found by equation (11), and let to be the time corresponding to this concentration xo in equation (12). This then is the moment when the light is turned on. Let t, be the exposure period, and t: the sum of to and re. The reaction proceeds for the time te until the time t:, at the end of which time an amount x: of P and A will be present in the sense organ. To begin with, there were xo units; at the end there are present x: units. The difference between the two, xe = x/ -Xo, will be the amount of P and A freshly formed during the exposure te in order to produce a retraction reflex.
The initial concentration Xo of P and A at the stationary state depends on the adaptation intensity. The final concentration x1 depends not only on this initial concentration but on the stimulating light and on the exposure period. In order, however, for the present series of equations to be consistent, the amount x, of the freshly accumulated P and A must be proportional to the amount xo present at the stationary state. This is the "constant ratio" requirement. The calculation of the value of x, from the experimental data is therefore critical in that it will prove or disprove the assumption on which the series of equations depends.
3. Inspection of equations (11) and (12) shows that they contain three variables--intensity I, time t, and concentration x. Given the numerical values of I and t, it is possible to solve the two equations for values of Xo, x,, and xs in terms of the constants m and k2. This will determine whether x, is proportional to Xo, as our assumption requires, or indeed, how in general x, is related to Xo. The algebraic burden is lightened considerably because we have no interest in the absolute values of x,. Numerical values for Xo and x, are meaningless in themselves, since we know nothing of the actual materials involved and their concentrations. Therefore we can ascertain the way in which x~ varies with the adapting intensity and with xo by assigning purely arbitrary numerical values to m and k2. Changing the numerical magnitudes of m and k2 is the equivalent of changing the units in which time and intensity are measured; and since all units are purely arbitrary, any values for m and k2 will give the same answer to the question that concerns us.
Let us assume that the velocity constant of the bimolecular "dark" reaction S +--P + A is k2 = 0.001, and that m = 0.01--values that are obviously arbitrary. From equation (11) we then compute the concentration xo of P and A present at the stationary state induced in the adaptation to any light intensity. The value of kl to be used in the corresponding equation (12) is derived from equation (10), remembering that the illumination of the animal during stimulation is the sum of the adapting and stimulating intensities. We thus secure the value of to representing the initial moment in the course of the stimulating reaction. Adding to this value the exposure period & we get t:. The exposure period is found by subtracting the latent period from the reaction time given in Tables I and II. For Series 1 the latent period is 1.27 seconds; for Series 2 the latent period is 1.10 seconds, the difference between the two being due to the difference in the temperature for the two series, as noted in Tables I and  II (cf. Hecht, 1918-19, c Fro. 4. Relation between residual P and A, and P and A freshly formed during the exposure. It is obvious that the relation between the two is not linear.
x/is found from tz. The difference between xz, the final concentration, and Xo, the initial concentration, gives xe, the concentration of freshly formed P and A necessary to produce stimulation.
According to the interpretation which we are testing in this section, xe should be proportional to Xo. Fig. 4 gives in graphic form the values of Xo and x, for both series of experiments. If the concentration of freshly formed P and A were directly proportional to the concentration of P and A already present, the points in Fig. 4 would all lie on a straight line. It is apparent that this is true only for the middle portion of the curve, but that over the whole range of adapting intensities from 0 to 530 meter candles this relation breaks down. The relation between fresh and residual P and A follows in a general way the relation between intensity and reaction time as shown in Fig. 2 . The analysis of the data in terms of the "constant ratio" idea therefore holds only for a small range of adaptation intensities, and is not consistent with the experiments over a large range of intensities.
It must be reiterated that the numerical values given in Fig. 4 are of no consequence in themselves. I have calculated the experiments using several sets of values for m and k2, and in every instance the relation between Xo and x, is the same as shown in Fig. 4 . This is emphasized by the fact that the numerical magnitudes for Series 1 and 2 differ strikingly, yet the relation between residual and freshly formed P and A is the same, as the superposition of the points in Fig. 4 amply indicates. Therefore it must be concluded that the "constant ratio" idea is not capable of interpreting the entire experimental data consistently. It should therefore be abandoned, particularly if the alternative "constant quantity" idea is more successful in giving a reasonable account of the data.
V.
1. The critical assumption of the "constant quantity" idea is that in the system S ~ P + A the velocity of photochemical decomposition of S varies with its concentration. Let a be the initial concentration of S in the dark, when no P and A have been formed. Let the reaction proceed under the influence of light for the time t, during which x units of P and A have been formed. The velocity of the reaction S --~ P + A alone will then be
and the reverse reaction S (---P + A will be
as before. Combining the two, we get which describes the concentrations of S, P, and A during the stationary state produced by the adaptation of Mya to any intensity. When the animal is illuminated by the stimulating light, fresh P and A will be formed. The velocity of folmation is given by equation (15), in which kl has a new value corresponding to the sum of the adapting and stimulating intensities. When integrated, equation (15) 2. The situation, though somewhat more complicated algebraically, is entirely analogous to the one described in detail in the previous section. Equations (17) and (18) contain the same variables, I, t, and x, as before, and the procedure for calculating corresponding values of x from [ and t is also the same. Arbitrary numerical values may be assumed for the constants m and k2, whereas a is made equal to 100 per cent. Let us put k2 = 0.001 as before, and m = 0.0001.
1
This value of m is 1~0 of the value used in the preceding section, simply to make the numerical results come to about the same order of magnitude as before, since the presence of a = 100 in equation (13) multiplies the velocity by 100. Otherwise the values are purely as arbitrary as before, and in no way affect the results of the calculations.
Using these magnitudes for the constants m and k~ we compute the values of Xo for the stationary state for the series of adapting intensities. The results are given in Column 3 of Table III and of Table IV, representing the experiments in Series 1 and Series 2, respectively. The corresponding values of to, the initial moment in stimulation, are then derived from equation (18), and are tabulated in Column 4 of the two tables. To these are added the sensitization or exposure periods t, found in Column 5, which give the values of tf in Column 6.
By means of equation (18) the final concentrations xl of P and A are then computed; the results are in Column 7. If from these values of x I are subtracted those of xo in Column 3, we get xe in the last column, as representing the amount of P and A freshly formed during the exposure to the stimulating light.
This series of equations and the resulting calculations, in order to be consistent, should prove that the amount of freshly formed P and A necessary to produce stimulation in Mya is constant, regardless of the intensity of adaptation. Considering all the factors involved in their derivation, it is apparent that these values of xe are practically constant for each series of experiments. This is particularly evident if we neglect the values at adaptation to zero intensity, which we shall consider presently. It is therefore apparent that of the two, the "constant quantity" assumption is strikingly more consistent with the experimental data, and that in terms of it the experiments find a rational and simple explanation. It should therefore be adopted as the basis on which the reaction S ~ P + A works to produce photosensory stimulation in Mya.
3. It is obvious from an examination of the values of xe that the variation in its magnitude is not haphazard but regular in both sets of experiments. Beginning with zero intensity, the values rise to a maximum and then decrease. Although the data show a reasonably constant value of x~, these regular variations are not without significance, particularly since their existence may be correlated with another process in the sense organ.
The reaction time of Mya is composed of a sensitization or exposure period and a latent period (Hecht, 1918-19, a) . The former is represented by the reaction S ~-P + A, the products of which catalyze the latent period reaction L--~ T (Hecht, 1918-19, b) . When a sufficient amount of T has accumulated, an afferent impulse proceeds to the nervous system and the retraction reflex is initiated. The velocity of this latent period reaction, L -* T, is a linear function of the concentration of P and A, so that for very small exposures the latent period varies inversely as the exposure. Ordinarily, however, the exposure is prolonged until the velocity of L--+ T is maximal, and the latent period is minimal, because the necessary exposure is only a small portion of the reaction time. Therefore the latent period is constant, and the only variable in the reaction time is the sensitization period.
Considered in detail, this situation explains most of the variation in the value of x~. When a very small exposure is given, the velocity of L --* T is very slow, and a long latent period will be required to produce enough T to set off the nervous impulse. If a longer exposure is given, the velocity of L --* T is increased, and the necessary latent period will be shorter. For a still longer exposure, a still shorter latent period will result; and if the exposure is continued indefinitely, as in the present experiments, the velocity of L --* T becomes greater and greater. But since T has begun to form from the first moment, even at the slow rate, enough of it to initiate the nervous impulse will accumulate before the calculated amount is formed during the shorter latent period resulting from the increased amount of P and A present at the end of the exposure. The reaction time is, therefore, strictly a minimum period comprising a minimum exposure and a minimum latent period. When the exposures are small, as they usually are, the latent period is measurably constant in comparison, it being often ten or even a hundred times longer than the exposure. When, however, the exposure must be prolonged because of the low speed of the reaction S ~ P + A, the latent period will become longer than at the shorter reaction times.
Such is the case in these experiments, because the exposures cover a comparatively large range. To facilitate the experimental procedure and the calculations, I have taken the latent period as constant. It is undoubtedly slightly longer when the animals are light adapted than when they are dark adapted. The difference, though small in comparison to the length of the latent period, is large in comparison to the exposure. Therefore, the values of x, will be correspondingly lower at zero intensity adaptation than at all other intensities, and in general less at the lower adaptation intensities than at the higher, which is true experimentally. The whole matter will probably become cleared up with further experimentation in which the exposure time will be kept constant, and the ir~tensity necessary for a minimum response will be measured at a series of adaptation intensities. 3' It is possible that the characteristic shape of the curve in Fig. 4 is also in part determined by these changes in latent period. This will be apparent on further experimentation along the lines suggested.
Regardless of these minor variations, however, the results of these experiments point unequivocally to the adoption of the hypothesis that a given amount of freshly formed P and A is necessary to produce a given stimulation in Mya, no matter what the previous conditions of stimulation or adaptation have been.
VI.
The fact that a consistent analysis of the experimental data has resulted from the application of the reversible reaction S ~ P + A as the chemical mechanism of photosensitivity in Mya, lends a distinct support to that hypothetical mechanism. As a working basis, it has already been satisfactorily applied to the treatment of a large number of experiments not only with Mya, but with the human eye as well. It is simple and concrete, and what is perhaps more significant, experimental consequences from it are easily deducible in mathematical form.
There are, however, certain cautions that should be mentioned, so that the ideas underlying the mechanism will not be misunderstood. The chemical equations expressing the different parts of the sensory process are based on kinetic, not stoichiometric data. Therefore it would be just as accurate to say that, instead of the photosensitive reaction being light s ~ P + A (1) "dark" it is really --.P-bA-bC "dark" (19) In this, C is a substance or a source of energy necessary for the dark reaction, but present in excess in the sense organ. The first process, equation (1), is completely reversible, whereas the second, equation (19); is only pseudoreversible. It is quite probable that the second set of equations is nearer reality. Since, however, both require identical mathematical treatments, I use the symbols of the completely reversible reaction, because they are simpler in conception. Similar cautions apply to the relation between the photosensitive reaction and the latent period process L ~ T. Calling this relation a process of catalysis (Hecht, 1918-19, b ) is merely a non-committal way of describing the situation. The fact is that the velocity of the latent period process is a linear function of the exposure, or in symbols, that the velocity of L --~ T is a linear function of the decomposition products of S. Whether this involves P or A or both, or perhaps B--which appears in the pseudoreversible reaction--it is impossible to say at present. There is some material or energetic linkage between the two reactions, symbolically written L I[ P + A II --* T, which results in the linear relation between them. Further than that it is better not to speak dogmatically until additional data become available.
VII.
1. As a result of these experiments, there are certain conclusions that are of general interest. A sense organ, from its very nature, is a dual mechanism; on the one hand it connects with the environment, while on the other it connects with an afferent nerve. Such a duality may be attained by a single chemical reaction in which the environment alters a sensitive substance, and this altered substance then acts on the nerve ending to produce an afferent impulse.
In Mya, all the evidence has shown that this duality is accomplished by means of two chemical reactions. The reception of the stimulus is performed by the reaction S .-~ P + A. The decomposition products of S are, however, not the substances which furnish the Anlass for the afferent impulse. This is done by the thermolabile material T, formed as a result of the process L --* T, a reaction which occurs only in the presence of freshly formed P and A. The accumulation of T in the region of the nerve endings results in some physicochemical change. The substance T may actually unite with something in the nerve fiber, or what is more likely, its heaping up in the sense organ may result in a difference of potential between the sense cell and the nerve ending of sufficient magnitude to initiate a sensory impulse.
We may express the idea of this duality of the sense organ as follows:
in which the reactions in the rectangle take place inside the sense cell.
2. Considered from this point of view, there are two very important points which appear with regard to the properties of a sensory system such as that of Mya. When the light is first turned on, the freshly formed P and A cause the reaction L --* T to proceed, and a sensory impulse results, giving a response on the part of the animal. The reaction, S ~ P + A, however, quickly comes to equilibrium, and no fresh P and A are formed. The condition, asfar as the reaction L--* T and the production of an afferent impulse are concerned, is therefore equivalent to one in which there is no light shining on the animal at all. This fact is demonstrated by the condition of the animal, which to all appearances looks and behaves as if it were no longer stimulated by the light. Its retracted siphon becomes expanded, and its water current continues in the same normal manner after sustained exposure to all intensities from zero to the highest sunlight illuminations. This, I take it, is adaptation.
One important point shown by our analysis is that this adaptation is entirely contained in the sense organ. More than that, even in the sense organ it takes place in the receiving end only. It is the reaction S ~ P + A which is balanced at the stationary state, and not the second reaction L --* T. Between the nervous system of the animal and the outside environment there is interposed a sensory system which acts so as to transmit any rapid changes in the environment, but which hides completely any long maintained conditions. This becomes even more evident at different levels of adaptation.
In order to produce a given effect, the amount of P and A, and therefore the amount of T formed is constant, no matter what the adapting light happens to be. Note carefully that the actual amount of outside light necessary to produce this constant amount of P and A varies strikingly. We speak of this as a variation in sensitivity. The impulse from the sense organ, however, is the same. The sense organ in this way acts as a buffer, in that it changes these large amounts of environmental disturbance into a given constant disturbance which constitutes the impulse for a given sensory effect. The sensory system is therefore not merely the traditional receptor system, but is as well a protecting layer which stabilizes and buffers the relation between the nervous system and the environment. 3. From all this it must be clear that adaptation to sustained illumination is a sensory phenomenon purely. The second point of significance with regard to the present data is that they indicate the automatic nature of the processes involved. Not only does adaptation take place in the sense organ, away from nervous activity, but it is actually determined by the outside source of stimulation. The equation which describes the situation in the sense cell during adaptation is
k2 ~ --x which we derived in Section V of this paper. In this equation the only two variables are the intensity I and the concentration x of the decomposition products P and A, and therefore of the concentration of the sensitive substance S. Of these two variables it is the intensity I which changes independently, and with it change the concentrations of S, P, and A. Given a value of I, and the equation is at once determined. In short, adaptation is a phenomenon which is controlled not by the animal, but by the light. We have heretofore applied the term adaptation in the wrong place as far as sensory adaptation is concerned. We have assumed that the animal adapts itself to the Iight, whereas, once given the sensory mechanism, we should say that the light adapts the animal to itself. 4. Among the many relations which an organism maintains with its environment, none would seem so purposeful as its adaptation to a sustained change in the environment. This kind of adaptation dearly belongs to those activities of an animal which have been called its "behavior," and as such, has been considered as remote from analysis in terms of matter and energy as it is possible to get.
Because of this appearance of purpose, sensory adaptation has been used in the study of animal behavior as a tool with which to prove the presence of a "higher behavior" in animals. It would be beside the point to make specific references to literature of this nature.
Mya constitutes one of the very few closely studied instances of the sensory behavior of an animal. And from this work it has been apparent for some time, and more so now, that such a use of adaptation is wholly unwarranted. The apparently complicated relation which we call sensory adaptation is not so much an activity of the organism as a whole, as a series of changes induced in the outermost shell of the organism, and controlled by the very outside environment to which the adaptation is supposedly directed from the inside. SUMMARY. 1. Experiments are described which measure the sensitivity of animals exposed to continued illumination to which they have become adapted. It is shown that the amount of outside light energy necessary to stimulate an adapted animal increases with the intensity of the adapting illumination.
2. The data are analyzed quantitatively in terms of the reversible reaction S ~ P + A shown previously to account for the photic sensitivity of these animals. This analysis demonstrates that, though the amount of incident energy necessary for a minimal response varies with the adapting intensity, the actual amount of photochemical decomposition required to set off the sensory mechanism is a constant quantity.
3. The ability of these animals to come into sensory equilibrium with any sustained illumination is accounted for quantitatively by the presence of a stationary state in the reversible photochemical reaction S ~_P + A during which the concentrations of the three components are constant.
4. It is shown that the concentrations of these substances at the stationary state are automatically controlled by the outside intensity. Therefore, given the sensory mechanism as a basis, the adaptation of the animals to light and the consequent changes in sensitivity, are determined entirely by the light to which the animals are exposed.
5. Because of the properties of the stationary state, and of the constancy of photochemical decomposition for a minimal effect, it is suggested that the sensory system is not only the traditional receptor system, but is also a protecting layer which stabilizes and buffers the relation between the nervous system and the environnlent.
